Background/Summary: Acute colonic diverticular hemorrhage (CDH) represents a significant challenge for gastroenterologists. There are some clinical problems in the diagnosis, treatment, and prevention of CDH. CDH is the most common cause of overt lower gastrointestinal bleeding in adults in Eastern and Western countries. Moreover, CDH imposes significant economic and clinical burdens on the health care system. Colonoscopy is recommended as a useful diagnostic tool for CDH after bowel preparation. Colonoscopy can be used to identify the culprit diverticulum and to provide endoscopic therapy. In most cases, however, the bleeding stops spontaneously. For this reason, it is still controversial whether urgent colonoscopy or elective colonoscopy is "preferable." Key Messages: This review aims to highlight the various clinical problems (purge, timing of colonoscopy, CT angiography, and endoscopy) encountered in the attempt to identify and treat the culprit diverticulum redhanded.
Introduction
Diverticulosis and colonic diverticular diseases (CDDs) are increasingly common clinical conditions that are more frequently encountered in elderly patients and industrialized countries [1] . One of the chief complications of CDDs is colonic diverticular hemorrhage (CDH), and the incidence rate has been increasing. CDH is the most common cause of severe lower gastrointestinal bleeding (LGIB) in adults, accounting for 30-50% of cases of massive rectal bleeding [2] [3] [4] . Among patients with CDDs, the risk of bleeding is approximately 0.5 per 1,000 person-years [5] . In a study of 1,514 asymptomatic patients with CDDs, the cumulative incidence of bleeding was 0.2% at 12 months, 2.2% at 60 months, and 9.5% at 120 months [5] . Risk factors for bleeding include an age > 70 years (adjusted hazard ratio 3.7) and bilateral diverticulosis (adjusted hazard ratio 2.4). Obesity also appears to increase the risk of diverticulitis and CDH [6] .
As a diverticulum herniates, the penetrating vessel responsible for the wall weakness at that point becomes draped over the dome of the diverticulum and is separated from the bowel lumen only by mucosa. Over time, the vasa recta are exposed to injury along their luminal Inflamm Intest Dis 2018;3:100-106 DOI: 10.1159/000490387 aspect, leading to eccentric intimal thickening and thinning of the media. These changes may result in segmental weakness of the artery, predisposing to rupture into the lumen [7] . Unlike diverticulitis, which occurs primarily in the left colon, the right colon is the source of colonic diverticular bleeding in 50-90% of patients [2, [7] [8] [9] . This reflects a marked increase in the propensity for right-sided diverticula to bleed, since, in Western countries, only 25% of diverticula are right-sided [10] . A possible explanation for this is that right-sided diverticula have wider necks and domes, exposing a greater length of the vasa recta to injury. Another contributing factor may be the thinner wall of the right colon [11] .
In most cases of CDH, the bleeding will stop spontaneously (in 75% of patients overall), and 99% of the patients who are transfused require fewer than 4 units per day [12] . Thus, most endoscopists believe that urgent colonoscopy is not necessary to identify the stigma of bleeding from lower gastrointestinal lesions, such as diverticula, since the important clinical issue in CDH is that bleeding diverticula are difficult to identify.
Diagnosis
Exclusion of upper gastrointestinal bleeding by endoscopy is necessary because 10-15% of hematochezia cases have a cause lying in the upper gastrointestinal tract [13] . Particularly in patients with hemodynamic instability, a history of peptic ulcers, and portal hypertension, upper gastrointestinal endoscopy should be considered early. The diagnosis of CDH may be made by colonoscopy or radiographic imaging. Colonoscopy is a useful procedure for nearly all patients presenting with acute LGIB, because it serves as a diagnostic and potentially therapeutic tool [14, 15] . The advantage of colonoscopy over other diagnostic modalities is its ability to directly visualize lesions, allowing for the exclusion of other etiologies of LGIB, as well as for immediate therapy. Colonoscopy is safe and effective, with a diagnostic yield of 69-80% in acute LGIB [16] [17] [18] [19] . Aspiration (in upper endoscopy), oversedation, hypoventilation, and vasovagal events are the major problems of this modality. In a review of 4 studies with 549 urgent colonoscopies performed for LGIB, only one complication (diverticular perforation) was reported [16] [17] [18] [19] .
The source of bleeding in patients presenting with CDH is diagnosed when the stigma of recent hemorrhage (SRH) is defined as active bleeding from a diverticulum, a nonbleeding visible vessel, or an adherent clot. Also, CT enterography is another management option in patients without any identifiable source of LGIB. The second aim of colonoscopy in acute LGIB should be to identify patients with a risk of rebleeding. Jensen et al. [20] and Mizuki et al. [21] showed that SRH is associated with a severe course or high rate of rebleeding. In the retrospective study of 88 patients with CDH by Mizuki et al. [21] Barium impaction could be a possible management option for patients with recurrent hemorrhage in whom a dynamic CT and purge colonoscopy failed to identify the culprit lesion. In a prospective study by Nagata et al. [22] , after spontaneous cessation of bleeding, conservative treatment (n = 27) and high-dose barium impaction therapy (n = 27) were tracked. In the median follow-up period of 584.5 days, the probability of rebleeding at 1 year was 42.5% in the conservative group and 14.8% in the barium group (log-rank test, p = 0.04).
Bowel Preparation
The necessity of colonic purging prior to colonoscopy is unclear. However, adequate preparation of the colon seems important for endoscopic visualization and diagnosis. This procedure improves the evaluation of the mucosa, which in turn enhances the recognition of smaller lesions and minimizes the risk of complications resulting from poor vision. Even after adequate bowel preparation, urgent colonoscopy could result in an incomplete examination in 0-45% of cases, but the risk of complications due to colonoscopy does not exceed 11%. The method allows a positive diagnosis in approximately two-thirds of cases and achieving hemostasis in one-third, resulting in a shortened duration of hospitalization [16, [23] [24] [25] . However, no randomized controlled trial has determined whether the 4-L or the 2-L preparation produces a better outcome [20] . Jensen et al. [20] and Mizuki et al. [21] reported the necessity of colon preparation. Jensen et al. [20] performed an urgent colonoscopy after colon preparation using a 5-to 6-L sulfate purge and reported that the diagnosis by colonoscopy was determined in 70.1% of the cases. In the retrospective study of 110 patients with colonic CDH by Mizuki et al. [21] , colon preparation with a polyethylene glycol purge as compared to no preparation allowed for a higher rate of identification of bleeding DOI: 10.1159/000490387 diverticula (28.2 vs. 12.0%; p = 0.11), although the difference was statistically nonsignificant. In addition, 12.0% (3/25) of the "no preparation" group demonstrated no stool in the colon, except for focal streaming of blood [21] ( Fig. 1) . The additional use of a waterjet scope to remove debris has been described to increase SRH detection by colonoscopy, although this warrants further evaluation [24] .
On the other hand, Chaudhry et al. [23] performed urgent colonoscopy for LGIB without colonic preparation. They suggested that the information gained from the amount and distribution of blood in the colon may support obtaining the diagnosis. In a prospective study by Repaka et al. [26] , 13 procedures were performed on 12 patients with severe LGIB using unprepped hydroflush colonoscopy (a colonoscopy technique using a combination of the standard colonoscope, waterjet pump irrigation, and a mechanical endoscopic suction device); complete colonoscopy of the cecum was performed only in 69.2% (9/13) of the patients. However, in 13 cases, endoscopic visualization was adequate for definitively or presumptively identifying the source of bleeding in all procedures, without repeat colonoscopic examination due to inadequate preparation. A definite source of bleeding was identified in 5 of the 13 procedures (38.5%) [26] . With the polyethylene glycol purge, abdominal pain, nausea, vomiting, etc., were minor problems.
Timing of Colonoscopy
It is commonly accepted that early colonoscopy within 48 h may improve both the diagnosis and management of the bleeding. Urgent colonoscopy improves the diagnostic yield [13, 20, 25] , reduces the length of hospital stay [27] , and possibly decreases the cost of care [28] . However, the optimal time for performing urgent bowel preparation and colonoscopy is controversial.
In their prospective study, Jensen et al. [20] identified a stigma of hemorrhage in approximately 20% of the patients with CDH undergoing urgent colonoscopy who underwent 5-to 6-L sulfate purging within 6-12 h of admission. In a trial by Green et al. [13] that compared colonoscopy following bowel preparation within 12 h versus elective colonoscopy (within 74 h), a definitive source of bleeding was identified in 42 and 22% of the patients that received urgent and elective colonoscopy, respectively. In a review of 78 colonoscopies from the Mayo Clinic [29] , patients with CDH underwent colonoscopy an average of 18 ± 11 h (range 0-59) after presentation to the hospital. No significant relationship between diagnostic yield and timing of index colonoscopy was discovered. However, in the retrospective study of 110 patients with colonic CDH by Mizuki et al. [21] , the detection rate was significantly higher when colonoscopic examination was performed within 18 h of the final hematochezia than when it was performed after 18 h (40.5 vs. 10.5%; p < 0.01). In a retrospective study by Strate and Syngal [30] , initial colonoscopy within 24 h of admission offered a diagnostic yield of 85 versus 45% for initial scintigraphy versus angiography. Within 36-60 h, Laine and Shah [31] found no difference in outcomes including the number of diagnoses. However, 78% of the colonoscopies were diagnostic in the urgent group as compared to 67% in the elective group, and the only two stigmata of hemorrhage were both identified in patients with diverticulosis who underwent colonoscopy. A recent, large study using the 2010 Nationwide Inpatient Sample data set of 58,296 discharged LGIB patients (9,156 of whom had CDH) found that early colonoscopy (performed within 24 h) was associated with statistically significant outcomes with respect to the length of hospital stay and hospitalization costs; however, no diagnoses were mentioned.
The mechanism behind colonic diverticular bleeding is not completely understood. CDH usually stops spontaneously in up to 90% of cases [32] . However, emergent colonoscopy should be considered within 24 h after admission in cases of CDH in order to identify the culprit diverticulum. 
CT Angiography
There is another potential management option: CT. CT scanning -and, more specifically, CT angiography (CTA) -is commonly used in patients with LGIB [33] . Contraindications to CTA include acute kidney injury and chronic kidney disease [34] . Although acute kidney injury is reversible in most cases, its development may be associated with adverse outcomes.
A typical CTA finding in CDH is a colonic diverticulum with extravasation of contrast material [35, 36] , and patients with this finding could be prepared for emergency colonoscopy. However, a CT scan finding such as colonic wall thickening may indicate diseases including inflammatory disease, ischemic colitis, and colorectal carcinoma [37, 38] . CTA is useful for detecting CDH [39] . CTA may identify the area of the bleeding, but it does not inform on its pathologic cause. Only colonoscopy can confirm the exact source of bleeding (diverticulosis, arteriovenous malformation, Dieulafoy's lesion, etc.). Extravasation of contrast medium was observed in 30% of all patients with LGIB and in 68% of the patients with CDH. In patients with CDH, CTA is mandatory before colonoscopy, because identifying the source of bleeding prior to surgery may result in less invasive urgent colonoscopy and more effective hemostasis [40] . For CTA, a total of 90 mL of iopamidol was power-injected intravenously at a rate of 1.5 mL/s. The patients were scanned using 16-or 64-slice detector CT. The presence of diverticular bleeding on CTA was defined as follows: the visualization of colonic diverticula and extravasation of contrast material into the bowel lumen on arterial-phase images and/or abdominal colonic wall enhancement (Fig. 2) [40] . This CTbased test has largely replaced red blood cell-labeled scintigraphy at many centers as the first radiologic investigation and is sensitive for bleeding rates as low as 0.2 mL/ min [41] . Since CTA is rapid, noninvasive, and highly reproducible, it is commonly used in LGIB emergencies, although the optimal timing and patient characteristics for the diagnosis of colonic diverticular bleeding have not been established. Nakatsu et al. [40] stressed that CTA is a useful initial radiological test for determining the optimal timing for colonoscopy in patients with acute LGIB. Emergency colonoscopy should be considered in cases of acute LGIB associated with extravasation of contrast material into the bowel lumen from colonic diverticula, as the rate of detection of the source of bleeding on urgent colonoscopy was very high in such cases in their study. In contrast, elective colonoscopy should be considered in patients with acute LGIB and presenting with colonic wall thickening suggestive of colonic inflammation or neoplasms [42] . In a prospective study of 52 patients with CDH by Obana et al. [36] , 8 positive CTAs before colonoscopy compared to 44 negative CTAs allowed for a higher rate of identified bleeding diverticula (50 vs. 36.3%; p = 0.6379), although the difference was not significant. Moreover, they analyzed the interval from the latest epi- sode of LGIB to the time of CTA. The interval was 1.6 ± 4.6 h (mean ± SD) in patients that underwent CTA, and 3.4 ± 3.2 h in those without CTA [36] . In a retrospective study of 95 patients with CDH by Kominami et al. [35] , 60 CTAs before colonoscopy compared to 35 assessments by colonoscopy alone allowed for a higher rate of identified bleeding diverticula (73.3 vs. 51.4%; p = 0.026), with the difference being statistically significant. Moreover, the interval between the bleeding being recognized and CTA (median 1.0 h) in patients in whom extravasation was detected by CTA was shorter than in those patients in whom extravasation was not detected (median 5.0 h) [36] . As previously described, several factors influence the ability to visualize active bleeding on CTA, including the nature of the bleeding lesion (bleeding rate and intermittence) and patient factors (hemodynamic status and body mass index), as well as the CTA technique (rate of injection, concentration of iodine in contrast material, number of phase, type of scanner, and postprocessing) and the experience of the radiologist [42, 43] .
Endoscopic Therapy
Immediate fluid and blood product resuscitation is necessary for patients with suspected CDH. Packed red blood cells should be transfused to maintain hemoglobin > 7 g/dL. A threshold of 9 g/dL should be considered for patients with massive bleeding, significant comorbid illness (especially cardiovascular disease), or a possible delay in receiving therapeutic interventions [44, 45] . A restrictive transfusion strategy with a transfusion threshold for hemoglobin > 7 g/dL improved survival and decreased rebleeding when compared with a threshold of 9 g/dL [46] . Endoscopic hemostasis may be considered for inpatients with an international normalization ratio of 1.5-2.5 before or concomitant with the administration of reversal agents. The presence of a coagulopathy-prothrombin time/international normalization ratio > 2.5 should be corrected using fresh frozen plasma or prothrombin complex concentrate and vitamin K before endoscopy [47, 48] . In patients with significant thrombocytopenia (< 50,000/μL), platelet transfusion can be considered [49, 50] . For patients who have been treated with anticoagulant agents, a multidisciplinary approach (e.g., hematology, cardiology, neurology, and gastroenterology) should be performed when physicians decide whether or not to discontinue medication or use reversal agents to make a balance between the risk of active bleeding and the risk of thromboembolic events [49, 51] . In some cases (e.g., a patient should be off aspirin solely for primary prevention of cardiovascular disease), the decision to stop the agent may be straightforward. However, in more complicated cases, consultation with the physician who prescribed the medication may be needed. In general, aspirin should be continued for secondary prophylaxis in patients with high-risk cardiovascular disease. Dual antiplatelet therapy should not be discontinued in patients with an acute coronary syndrome within the past 90 days or with bare-metal stents placed within the preceding 6 weeks or drug-eluting stents within the preceding 6 months [52] .
Endoscopic hemostasis should be provided to patients with high-risk signs of bleeding such as active bleeding, a nonbleeding visible vessel, or an adherent clot [15, 20] . In addition to urgent colonoscopy, Niikura et al. [52] found that a clear cap attachment and an endoscope with a water pump could be useful to identify SRH. The clear cap attachment and endoscope with a waterjet can solve problems concerning irrigation of the diverticula as well as suctioning and dislodgment of fibrin clots. It is useful to examine diverticula that are located behind folds, and to inspect the neck carefully and evert and evaluate the mucosal lining of a diverticular dome [53] .
Epinephrine injection therapy can be used for the initial control of an active bleeding lesion and for improving visualization of the lesion [13, 20, 25] . This treatment, however, often provides only temporary cessation of the hemorrhage, with a significant risk of early rebleeding within 30 days [54] . Therefore, injection therapy should be used with a second hemostasis modality including mechanical or contact thermal therapy [13, 20, 25] . Hemostatic clips following injection therapy could achieve sustained hemostasis [21] . Through-the-scope endoscopic clips may be safer than contact thermal therapy in the colon [15, 53] . Direct clipping of an exposed vessel or erosion is superior to clipping of the entire diverticular orifice [55] .
Endoscopic band ligation may be safe, effective, and superior to endoscopic clipping for the treatment of CDH, resulting in resolution of the diverticulum itself. It is argued that endoscopic band ligation should be attempted as the initial therapy especially for hemostasis of a diverticulum in the right-sided colon [56, 57] . Urgent colonoscopy should be performed using a waterjet scope. When sources of bleeding are identified, marking with hemoclips is recommended to identify diverticula with SRH. Tattooing for marking should not be performed. Subsequently, the endoscope is removed and reinserted Inflamm Intest Dis 2018;3:100-106 DOI: 10.1159/000490387 after a band ligator device is attached to the tip of endoscope. The colonic diverticulum will be suctioned into the suction cup of the endoscopic ligator, and the elastic O ring is released in cases not successfully treated with endoscopic band ligation [56, 57] .
Conclusion
In many cases, CDH occurs intermittently or ceases spontaneously, presenting a major diagnostic dilemma. CTA is proposed as the first-line diagnostic modality for the evaluation of patients with CDH. CTA should be performed as soon as possible after the clinical detection of active bleeding in order to maximize potential detection, associated with extravasation of contrast material into the bowel lumen from colonic diverticula. Moreover, CTA should be followed by emergency colonoscopy after bowel preparation within 24 h of admission in cases of CDH.
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